The present study was conducted to assess the genetic diversity and population genetic structure of three sheep populations namely; Sawakni (SW), Berberi (BR) and Najdi (NJ), in Saudi Arabia, utilizing 45, 18 and 31 individual blood DNA extractions, respectively. Seventeen microsatellite markers were used to genotype these 94 sheep individuals. There were 195 alleles generated employing the 17 microsatellites loci with a mean of 11.47 alleles per locus, with a range of observed and expected heterozygosity from 0.651 to 0.989 and 0.590 to 0.816, respectively. The total number of alleles of 169, 127 and 111, and their means of effective number of alleles of 4.983, 4.192 and 3.781 were observed in SW, BR and NJ populations, respectively. Thirteen of the microsatellites loci studied in SW, seven loci in BR and five loci in NJ were found to be deviated from Hardy-Weinberg Equilibrium. The fixation genetic indices (F ST ) among the three populations were very low, ranging from 0.029 (between SW and BR) to 0.038 (between NJ and BR), indicating low population differentiation among the three sheep populations. The present study showed that the microsatellite markers are powerful tools in breeding programs, however more microsatellites may be needed for a broad judgment on the genetic status of the sheep populations in Saudi Arabia.
INTRODUCTION
Inbreeding may lead to the loss of genetic variation within the livestock breeds and that the breed itself may become extinct. To prevent the extinction of a breed and conserving its merit, molecular biological approaches, *Corresponding author. E-mail: ahmdhusam@hotmail.com.
Author(s) agree that this article remains permanently open access under the terms of the Creative Commons Attribution License 4.0 International License such as the polymerase chain reaction (PCR) technique (Nicholas et al., 1996) , utilizing various DNA markers (Erlich, 1991) , has been established to study the genetic variation within and between different animal resources. Genetic markers such as DNA fingerprinting (DFP), randomly amplified polymorphic DNA (RAPD) and microsatellites have been used in studying genetic variability, parentage verifications and genome mapping projects in llama, goat, sheep, cattle, chicken and camel (Groenen et al., 2000; Jianlin et al., 2000; Sasse et al., 2000; Krüger et al., 2002; Geng et al., 2003; Li et al., 2004; Yang et al., 2004; Peter et al., 2007; Mahmoudi et al., 2010 and Spencer et al., 2010) . In sheep, genetic diversity have been investigated by several studies using primers developed for amplification of microsatellite loci (Diez-Tascon et al., 2000; Hassan et al., 2003; Arora and Bhatia, 2004; Gutiérrez-Gil et al., 2006; El-fawal, 2006; Peter et al., 2007) .
In Saudi Arabia, sheep population exceeding 7.2 million head (Ayadi et al., 2014) and plays an important role in sustenance of life of many local communities. Several breeds of sheep have been identified in different regions in Saudi Arabia based on some morphological characteristics. They are well adapted to the prevailing adverse environment of Saudi Arabia; the most popular native breeds are Najdi, Naeimi, and Herri breeds (Abouheif et al., 1989) . Sawakni and Berberi are two exotic breeds introduced to the sheep populations of the Kingdom of Saudi Arabia from Sudan, and Somalia, respectively. They became popular choices for many Saudi in the last decade, comparable to Najdi breed for many cases.
The genetic variations within and among these sheep populations are poorly documented. Therefore, the present study was conducted to investigate the genetic diversity within and among three sheep populations (Sawakni, Berberi and Najdi), as a way for further development programs of sheep breeding in the Kingdom of Saudi Arabia.
MATERIALS AND METHODS
A total of 94 individuals of sheep belonging to three populations: Sawakni (45 SW), Berberi (18 BR) and Najdi (31 NJ) were selected from five different localities in Saudi Arabia. Blood samples (10 mL) were collected from each sheep by jugular venipuncture into vacuum EDTA tubes. DNA was extracted from blood samples according to the manufacturer's instructions of a QIAgen DNeasy Kit (Hilden, Germany). Table 1 shows the seventeen microsatellite primer-pairs, a part of a section of markers recommended by the International Society of Animal Genetics (ISAG)/FAO (FAO, 2011), used to investigate the sheep genotypes. Purity and concentration of each sample was quantified using NanoDrop 2000 spectrophotometer (Thermo Scientific, Wilmington, Delaware, USA). These markers were selected by taking into account the level of polymorphism previously detected in other studies and the location on different chromosomes (Peter et al., 2007; Ferrando et al., 2014; Yilmaz et al., 2015) . Polymerase chain reaction (PCR) amplifications were carried out in a 25 µl reaction volume containing100 ng of template DNA and 2 µl of each 10 µM primer.
To reduce the possibility of cross contamination and variation in the amplification reactions, master mixes containing all PCR reagents including the Kapa Taq polymerase enzyme (KAPA Biosystems, Boston, MA, USA) except DNA templates and primers were used. The amplification program was performed using the Gene Amp PCR system 9700 thermocycler (Applied Biosystems, Warrington, UK). The amplification protocol was an initial denaturation step for 2 min at 94°C, followed by 35 cycles at 94°C for 30 s, 55 º C annealing temperature (Table 1) for 30 s and 72°C for 30 s. The final step of the amplification protocol was the extension step at 72°C for 5 min. All the reactions were carried out on 96 well PCR plates (Applied Biosystems, Warrington, UK). The microsatellite primers were labeled with dyes FAM, TAMN, HEX and ROXN and microsatellite data were analyzed in the ABI Prism® 3500 Genetic analyzer (Applied Biosystems, Warrington, UK). Each analyzed PCR reaction contained GeneScan® LIZ 500 molecular weight standards (Applied Biosystems, Warrington, UK). The quantity and quality of DNA were checked by spectrophotometer (Jenway Genova Spectrophotometer Krackler Scientific Incorporation, USA).
Statistical analyses
The basic parameters for each locus and populations, allele frequencies, observed number of alleles (Na), effective number of alleles (Ne), observed (Ho), expected (He) heterozygosities and Polymorphism Information Content (PIC), were measured using Cervus version 3.0.3 (Kalinowski et al., 2007) . Deviations from Hardy-Weinberg equilibrium (HWE) and Wright's F-statistics (FIS, FST, and FIT) within and among the sheep populations were calculated by using GenePop version 4.0.10 (Raymond and Rousset, 1995) . We used the Bayesian clustering method implemented in Structure v. 2.3.1 (Pritchard et al., 2000) to evaluate the number of genetic units within the 94 individuals of the three studied sheep populations. The likelihood of a specific number of homogenous genetic clusters (K) in the dataset, and the relative contribution of each individual to each cluster was estimated under admixture model with Markov Chain Monte Carlo (MCMC) of 2.1 × 10 6 iterations after a burn-in of 1 × 10 5 , for K = 1 to K = 6. Ten independent simulations for each K (1-6) were performed. The most likely number of genetic units was assessed using the resulting likelihood, as well as by examining the modal distribution of DeltaK (ΔK) (Evanno et al., 2005) .
RESULTS
The 94 sheep individuals of the three populations: (SW), (BR) and (NJ) were genotyped using 17 microsatellite loci. The seventeen microsatellite loci were polymorphic. Table 2 shows, for the three populations, the values of the total number of alleles (Na), mean effective number of alleles (Ne) and observed (Ho) and expected (He) heterozygosities. A total of 195 alleles were detected in which 169, 127, and 111 alleles were observed respectively in SW, BR and NJ populations. Out of these 195 alleles, 61 were designated as private alleles in which 39 were found in SW, 15 in BR and 7 in NJ populations. The numbers of effective alleles averaged 4.893, 4.192 and 4.781 in SW, BR and NJ sheep breeds, respectively.
The average number of alleles per locus was 11.470, ranging between 7 (locus OarCP34) and 18 (locus HUJ616) alleles. Twelve out of the 17 loci studied have Table 2) .
Results of the F-statistics for each of the 17 analyzed loci in the three sheep populations are shown in Table 3 . Mean values for F IS , F IT and F ST were -0.145, -0.097 and 0.042, respectively. The low F IS and F IT mean values, which are very close to zero, indicated low level of inbreeding within and among the populations. It also points towards low genetic differentiation among the populations as indicated by the very low values of the pairwise fixation genetic indices (Fst) among the three populations. Fst values ranged from 0.029 (between SW and BR, and between SW and NJ) to 0.038 (between NJ and BR) as indicated in Table 4 . HWE results (Table 5) showed that 4, 8 and 12 loci in SW, BR and NJ sheep breeds respectively followed HWE, and the rest are deviated from the HWE at p>0.05. The mean of Polymorphic Information Content (PIC) for the 17 microsatellite marker was 0.754, ranged from 0.627 (marker OarAE129) to 0.863 (marker OarFCB226) (Table  4) .
Bayesian clustering assignment, on SW, BR and NJ sheep individuals, revealed that Ln L(K) increased with the number of clusters tested (K) and reached the highest (Figure 1a) . Based on the ΔK values, the result of K = 2 seems to be the optimal number of clusters ( Figure 1a) . The estimated individual genotype membership coefficient (Q) in each ancestral The breed abbreviations SW, BR and NJ are as follows: Sawakni, Berberi and Najdi, respectively. *SSR loci deviated from HWE at P < 0.05.
cluster for the optimal K number is represented in Figure 1b . For the three populations, averages of Q coefficient were higher than 90%. In particular, SW and BR breeds were clearly assigned to a single cluster, and the second one includes exclusively NJ individuals (Figure 1b) . The net nucleotide distances, based on allele frequencies divergence among populations, recorded between the two clusters reached 2%.
DISCUSSION
Several researchers have investigated the genetic variations among closely related breeds in farm animals using the microsatellite markers (Peter et al., 2007; Blackburn et al., 2011) . The number of alleles per locus for the three breeds studied ranged from 7 to18, indicating of genetic polymorphism within the tested Mahmoud et al. 175 sheep populations. This range was comparable with that observed (6-18) in four Romanian sheep populations (Kevorkian et al., 2010; Jakaria et al., 2012) . It was higher than that observed by Pramod et al. (2009) in Vembur sheep population of South India (2-9) and by Radha et al. (2011) in Kilakarsal sheep population (3-12). Yilmaz et al. (2015) found a range of 15 to 31 alleles per locus in Turkish sheep populations (Gökçeada, Kıvırcık, Karacabey Merino, and Sakız) whereas Ricardo et al. Means of effective number of alleles implied by the three Saudi sheep populations, SW, BR and NJ, were 4.893, 4.192 and 3.781, respectively, with a grand mean of 4.289. Turkish sheep breed displayed higher mean effective number of alleles of 7.040 (Yilmaz et al., 2015) . Balochi and Rakhshani sheep breed in Pakistan displayed the lowest average effective number of alleles of 2.969 (Wajid et al., 2014) . The mean observed heterozygosity values in the present study were 0.895, 0.938 and 0.719 for SW, BR and NJ sheep breeds, respectively, with a grand mean of 0.851. This value is higher than that reported by other studies of Indonesian sheep (0.574), Coimbatore sheep in India (0.625) Turkish sheep (0.66) and Colombian sheep (0.680) (Jakaria et al., 2012; Hepsibha et al., 2014; Yilmaz et al., 2015; Ricardo et al., 2016, respectively) . On the other hand, the expected heterozygosity (He), the best estimator of genetic diversity in a population (Kim et al, 2002) , was 0.782, 0.741 and 0.716 for SW, BR and NJ sheep, respectively, with a grand mean of 0.746. It was found to be higher than that reported by other studies in Indonesian sheep (0.687) but was lower than that in Turkish sheep (0.870) and Colombian sheep (0.770) Figure 1 . (a) The approximate number of genetic clusters (K) within the three different sheep populations, SW, BR and NJ based on results from the software structure. The "estimated log probability of the data", Ln Pr(X/K), (Pritchard et al., 2000) , and ΔK (Evanno et al., 2005) are shown for each value of K from one to six. (b) The most likely value of K inferred by structure was two. Bar plot of the estimated membership coefficient, Q, for each of the 94 individuals in each of two genetic clusters (K). Each individual is represented by a thin vertical line, which is partitioned into K (2) colored segments that represent the individual's estimated membership fractions in K clusters. Black lines separate individuals of different clusters based on structure analysis, SW+BR and NJ. (Jakaria et al., 2012; Yilmaz et al., 2015; Ricardo et al., 2016, respectively) . Interestingly, the lowest Ho was observed in SW sheep (0.400) in the OarFCB128 marker and the lowest value of He was in the MAF214 marker of NJ sheep breed (0.497). In general, all breeds showed high genetic diversity for all loci analyzed. A breed with constant gene and genotype frequencies is said to be in HWE (Falconer and Mackay, 1996) . Of the most important steps in this study was to verify whether the genotypes studied were in HWE. Results indicated that there were some genotypes with several loci that followed HWE (P<0.05); 4, 8 and 12 loci in SW, BR and NJ sheep breeds, respectively. The deviation from HWE may have resulted from reasons which we were unable to specify. It may have probably resulted from genetic drift or from both artificial and natural selection as well as it could have resulted from the mutations, migration or nonrandom mating. Gene flow was high in some populations but lower in others. F IS value for all loci was 0.145, which indicates that some moderate inbreeding has likely occurred within each population, although it does not explain the genetic variation among the three sheep populations under investigation. Outbreeding is limited due to isolation of breeding groups to specific geographical regions or even farms. In addition, F ST value of 0.042 indicates little genetic differentiation has occurred. A previous study by Radha et al. (2011) using 25 microsatellite markers in Indian sheep indicated that seven out of 25 loci in sheep populations were in HWE. The least PIC value was 0.627 (OarAE129) indicating that all microsatellite markers were highly polymorphic. The high PIC values and also the average number of alleles per each locus indicate the appropriateness of using the 17 microsatellite markers in investigating the genetic diversity within Saudi sheep.
Mean F ST values among the three sheep populations ranged between 0.029 (between SW and BR populations), 0.029 (between SW and NJ populations) and 0.038 (between BR and NJ populations), indicating little genetic differentiation among Saudi sheep populations. Ferrando et al. (2014) also found close F ST value in six breeds located in the eastern Pyrenees ranging from 0.011 to 0.053. When Saudi sheep populations were compared with other populations from different countries, the F ST values were lower than those found in this study (Sassi-Zaidy et al., 2014; Álvarez et al., 2012) .
Structure analysis demonstrated that the studied sheep breeds studied formed two well defined clusters. SW and BR breeds belong to the first and NJ to the second. Both clusters contained few individuals with admixed profiles. Ninety-six percent of the 63 SW-BR samples had Q>0.90 for the first cluster. Within the second cluster, only one sample had Q<0.80. These data confirm the isolation between the two groups. Najdi is of Saudi Arabia origin while the other two native sheep breeds, SW and BR, were introduced form Soudan and Somalia, respectively. Therefore, and despite the morphological differences, this result expressed the high genetic similarity between the two introduced breeds. This may be explained by several generations of admixture between SW and BR. Also, it highlighted the importance of adopting molecular markers as criteria to differentiate between these breeds.
Conclusions
In conclusion, 17 microsatellites were genotyped to investigate the genetic structure of 3 sheep breeds in Saudi Arabia. It also inferred genetic diversity within breeds and strong gene flow exchange between the breeds under investigation. The results of the present study represent baseline information of genetic pattern and diversity in these Saudi sheep which are commonly raised in Saudi Arabia. Hence, studying additional microsatellite markers may reveal more information on the population structure. Furthermore, larger numbers of animals from different breeds are required to establish a robust genetic analysis for genotyping and characterizing the sheep population in Saudi Arabia.
